Introduction
Due to the scarcity of water in semiarid areas, estimation of crop water requirements (i.e. evapotranspiration, ET) is paramount. Seasonal ET depends upon environmental conditions, characteristics of the crops (such as trellis system and row spacing in vineyards), and cultural practices (such as canopy and irrigation management). Seasonal table grape ET has been reported to range from 687 to 1,350 mm (Williams et al. 2003; Williams and Ayars 2005a; Netzer et al. 2009; Rodríguez et al. 2010) . Different techniques have been used to measure or to estimate table grape ET and crop coefficients: weighing lysimeters (Williams and Ayars 2005a; Williams et al. 2003) , drainage lysimeters (Vieira de Azevedo et al. 2008; Netzer et al. 2009 ), Bowen ratio (Rana et al. 2004; Texeira et al. 2007) , and eddy covariance (Rodríguez et al. 2010) .
Crop evapotranspiration (ET c ) is often estimated by multiplying reference crop evapotranspiration (ET o ) by a crop coefficient (K c ): ET c = K c 9 ET o (Allen et al. 1998) . The factors determining the K c are stage of crop growth, canopy height, local climate, architecture and cover, and crop management among others. Allen et al. (1998) presented procedures to estimate the K c as a single crop coefficient or as a dual crop coefficient, i.e. as the sum of two components, basal crop coefficient (K cb ) due to transpiration, and evaporation coefficient (K e ) due to soil evaporation.
It has been also suggested to multiply the K c by an additional factor K r to reduce the K c if ground cover is below some threshold value, for instance 50-60% (Fereres and Castel 1981; or 75% (Williams and Ayars 2005a) . Below these threshold values, K r is computed as a function of ground cover. Allen and Pereira (2009) also presented a general procedure to adjust K c as a function of ground cover that is based in the guidelines outlined by Allen et al. (1998) . Accordingly, K c for table grape vineyards for the initial, mid-season, and end-season stages would be 0.30, 0.95, and 0.75 for an effective ground cover of 50%, and 0.30, 1.10, and 0.85 for an effective ground cover of 70% (Allen and Pereira 2009) . Pruning and trellis system have also been reported to modify the K c (Williams and Ayars 2005a) . Williams et al. (2003) and Williams and Ayars (2005a) reported mid-season K c values for Thompson Seedless grapevines in California under a head training system ranging from about 0.90-1.30 when ground cover ranged from 60 to 75%. These authors found that K c showed a better linear relationship with ground cover than with LAI. Rodríguez et al. (2010) reported mid-season K c values of 0.59 for a ground cover of about 62% for Perlette and Superior grapevines trained to ''Y'' trellis. Netzer et al. (2009) , for Superior Seedless grapevines trained to an open-gable trellis system, reported that K c was 0.4 about 15 days after budbreak, and increased to 0.8-0.9 (veraison), 1.1-1.2 (harvest), and a maximum of about 1.3 (end of September). Netzer et al. (2009) argued that this increase in K c during late season was the result of the increase in canopy size even after veraison due to the trellis system and the similarity among ET c and ET o values during summer and fall.
In the recent years, the use of plastic mulching and netting has extended. The black plastic mulching reduces evapotranspiration from 10 to 30% due to the combined effect of increasing transpiration by 10-30% and decreasing soil evaporation by 50-80% (Allen et al. 1998) . The netting made of insect-proof nets is widely used to decrease pesticide applications, radiative load during summer, and damage by hail and birds. The netting has a relatively low cost compared with total production costs in these vineyards; however, it might have an important effect on microclimate and crop water requirements. For instance, a 38% reduction in crop evapotranspiration due to reduced incoming solar radiation and wind speed was reported for sweet pepper (Möller and Assouline 2007) .
There is little information about table grape ET c and K c under these two management systems, black plastic mulching and netting. Rana et al. (2004) studied the effects of different types of netting (uncovered, thin net, and thin plastic film) on table grape ET (cv. Italia) with a head training system and complete ground cover. Reported midseason K c values for unstressed table grape vineyards were 1.0 for the uncovered vineyard, 0.9 for the thin net cover, and 0.86 for the thin plastic film. These values must not be considered K c as defined by Allen et al. (1998) but as 'adjusted' K c taking into account the effects of the netting.
This research was conducted to measure the evapotranspiration of a table grape vineyard (Vitis vinifera L. cv. 'Red Globe') grown under the semiarid conditions of the central Ebro River Valley in Spain. This vineyard was trained to a gable trellis and grown under netting with black plastic mulch covering the soil directly beneath the vine row to minimize soil evaporation. Seasonal crop coefficients were also calculated as a function of both the management practices listed earlier.
Materials and methods

Site and crop
The study was conducted at the commercial farm Santa Bárbara, in Caspe (Zaragoza, NE Spain) during 2007 (May to October) and 2008 (April to October). The geographical coordinates of the experiment location were 41°16 0 N latitude, 0°1 0 W longitude, and 147 m elevation above sea level. The long-term average annual meteorological conditions in the area are as follows: precipitation, 315 mm; mean air temperature, 14.9°C; minimum air relative humidity, 41%; global solar radiation, 185 W m -2 ; wind speed at 2 m above ground, 3.1 m s -1 ; and reference evapotranspiration, 1,392 mm (Martínez-Cob and Faci 2010) .
The study was conducted in a 1.3 ha commercial table grape (Vitis vinifera L., cv. Red Globe) vineyard located within a larger Red Globe vineyard of 7.0 ha (Fig. 1) . The vines were planted in 1999 with vine and row spacings of 2.0 and 3.5 m, respectively (1,400 vines ha -1 ). The vineyard had a slope of 2%, and the soil was sandy except for horizon A (upper 0.1-0.2 m), which was sandy loam. Row direction was approximately northwest to southeast. The trellis system was a Y-shaped gable and 2.2 m in height with three foliage wires per cross-arm (Fig. 2) . The vines were trained to quadrilateral cordons and pruned to six spurs per cordon leaving 2-3 buds per spur. Other table grape vineyards and orchards surrounded this vineyard.
The vineyard was covered with high-density polyethylene having individual pores of 12 mm 2 (2.2 9 5.4 mm) to protect the vines from hail, birds, and insects (Fig. 1a) . The netting was positioned slightly higher than the top of trellis system's cross-arms (approximately 2.2 m above the soil surface). Thus, there was negligible space between the top of the canopy and the netting. Similar netting was used in the other table grape vineyards located in the farm (Fig. 1a) . The ground cover was determined as GC = 1-(PAR ss / PAR in ), where GC fraction of ground cover; PAR ss , average photosynthetically active radiation (PAR) recorded at the soil surface, at a network of 42 points within a rectangle of 7 m 9 6 m that included 8 vines; and PAR in , the PAR recorded above crop canopy. Readings were taken every 1-2 weeks around solar noon using a SunScan Canopy Analysis System (Delta-T Devices, Cambridge, UK) (Potter et al. 1996 ) that was placed perpendicular to the rows. For determining PAR in , two readings were taken just before and just after the PAR ss readings.
Directly beneath the vines in each row, a ridge 0.5 m in width and 0.4 m in height was established. The vines were drip irrigated, and the lateral line placed on top of the ridge. There were four emitters per vine each with a discharge volume of 2.2 L h -1 . A volumetric water meter was placed at the inlet of the experimental vineyard (1.3 ha) to register the irrigation depth applied. The ridge and drip line were completely covered with black plastic (0.1 mm thickness) to minimize soil evaporation and control weeds (Fig. 1b) .
Daily irrigations from May to September and other management practices (herbicide and fertilizer applications and pruning) were conducted according to the farm manager's criteria. Herbicides were periodically applied between rows to control weeds. Vines were pruned with hydraulic shears in February each year.
Surface renewal and micrometeorological variables measurement
A micrometeorological station was installed in the middle of the vineyard. The surface renewal (SR) method was chosen to determine crop evapotranspiration. Most of the micrometeorological methods used for ET c determination, such as the eddy covariance method, require that the measurements be made within the inertial sub-layer (Meyers and Baldocchi 2005; Monteith and Unsworth 2008) . Möller and Assouline (2007) measured sweet pepper evapotranspiration under netting using an eddy covariance system but there was more than one meter between top canopy and the netting. However, in this study, the quite short distance between the netting and the top of the canopy made it impossible to take measurements within the inertial sub-layer and precluded the use of the eddy covariance and other micrometeorological methods. However, the SR method has already proven its accuracy on a wide range of crops with different canopy architectures and management conditions (Paw U et al. 2005) . Since the SR method to determine ET c has also been successfully used over different crops (including grapevine) within the roughness sub-layer (Castellví and Martínez-Cob 2005; Castellví et al. 2006 Castellví et al. , 2008 Spano et al. 2008; Snyder 2009, 2010) , it was employed here.
The SR method is based on the presence of ramp-like structures in the high-frequency readings of air temperature (Paw U et al. 1995 (Paw U et al. , 2005 . SR analysis assumes that an air parcel suddenly moves downward into the canopy where it remains for a period of time exchanging heat and mass with the canopy elements, until the parcel is ejected upwards and replaced by another air parcel sweeping in from aloft. While in contact with the surface, the air parcel is heated (or cooled) because of heat exchange between the air and the canopy elements (Paw U et al. 1995 (Paw U et al. , 2005 . These temperature changes can be characterized by two parameters: amplitude (A) and inverse ramp frequency (s) (Paw U et al. 1995 (Paw U et al. , 2005 Snyder et al. 1996; Spano et al. 2000a) . Knowing these two parameters, the sensible heat flux (H) is estimated as follows:
where a is a weighting factor; q is the density of air (kg m -3 ); C p is the specific heat capacity of air at constant pressure (J kg -1°C-1 ); z is the measurement height (1.9 m); and A s is the rate of change in air temperature (8C s -1 ). The value of a depends on the crop roughness, the measurement height, and atmospheric stability conditions. According to Paw U et al. (2005) , a is a calibration factor initially estimated as 0.5 to account for a linear change in temperature with height. However, uneven heating within the canopy leads to different a values (Paw U et al. 1995; Snyder et al. 1996; Spano et al. 1997a, b; Duce et al. 1997) . Generally, for near-neutral conditions, a = 0.5 was reported over mixed deciduous forest, walnut orchard, and maize canopies (Paw U et al. 1995) . For a short turf grass, good estimates of H were obtained using a = 1, when the measurements were taken in the inertial sub-layer for average conditions (Snyder et al. 1996) . Values of a have been reported to range between 0.23 for citrus (Snyder and O'Connell 2007 ) and 1.88 for bare soil (Duce et al. 1998) .
For grape vineyard with 2.0-2.2 m height and about 60% ground cover, at different locations of California and Italy, reported a values in vineyards have ranged from 1.04 to 0.65 for measurement heights ranging from 1.75 to 2.9 m above the soil surface, respectively (Spano et al. 1997a (Spano et al. , 2000b . Thus, for crops with characteristics similar to those in this study, it can be assumed that a varies between 0.6 and 1.0 (Spano et al. 1997a; Mengistu and Savage 2010) .
Generally, appropriate values of a are obtained by comparing H values estimated with the surface renewal method and H values measured with the eddy covariance micrometeorological method (Snyder et al. 1996; Spano et al. 1997b ). However, it was not possible to use the eddy covariance method in this study as explained earlier. Therefore, based in the reported a values for table grapes and other crops with relatively similar canopy architecture to that in this experiment, the values of a = 0.6 and a = 1.0 were examined in this study and used in Eq. 1.
The SR method used high-frequency air temperature values that were recorded every 0.2 s using two chromelconstantan thermocouples of 72 lm diameter (Campbell Scientific, model TCBR-3) placed 1.9 m above the top of the ridges. High-frequency air temperature values were later analyzed as described in ''Appendix'' to estimate A and s for each half-hour for both thermocouples and four time intervals (0.2, 0.4, 0.6, and 0.8 s). Eq. 1 was then used to obtain values of H each half-hour. The H values for the different time intervals and thermocouples were averaged to get two average values of H for each half-hour: one for a = 0.6 and the other for a = 1.0.
The micrometeorological station also had a net radiometer (Radiation and Energy Balance Systems, model Q-7), four soil heat flux plates (Hukseflux, model HFP01, two located within the row and two midway between two consecutive rows), a pyranometer (Kipp and Zonen, CM3), a switching anemometer (Vector Instruments, A100R), and an air temperature and relative humidity probe (Vaisala, model HMP45C). Likewise, an infrared thermometer (Apogee, model IRTS-P) was installed perpendicular to the soil surface facing down to the vines from mid-July to midOctober 2007. All sensors but the soil heat flux plates were installed at about 2.1-2.2 m above the top of the ridges, just below the netting. Net radiometer was placed above the vines but perpendicular to the rows so it also was partially above the soil surface. Soil heat flux plates were buried at about 0.1 m from the soil surface. Half-hourly averages of net radiation (R n ), soil heat flux (G), incoming global solar radiation, wind speed, air temperature and relative humidity, and canopy temperature were obtained. In the case of soil heat flux, the 30-min values of G were the mean values of the four soil heat flux readings (Allen et al. 1996) . Latent heat flux (LE, W m -2 ) was obtained each half-hour for both values of a, by solving the energy balance equation:
Daily values of table grape evapotranspiration (ET c , mm day -1 ) were obtained by averaging the corresponding half-hour values of LE and dividing by the latent heat of vaporization, estimated as described by Ham (2005) . Subsequently, additional statistics were calculated to measure the difference between both sets of ET c values, using a = 0.6 and 1.0. These statistics were the mean estimation error (MEE), the root mean square error (RMSE), and the systematic mean square error (MSE s ) (Willmott 1982) .
Crop coefficicient
Daily values of the vineyard crop coefficient (K cexp ) were derived from the ratio of the daily measured ET c (average of the two ET c values obtained using both a values) and the daily estimated ET o , computed using the FAO PenmanMonteith method (Allen et al. 1998 ) from the daily meteorological variables (wind speed, solar radiation, air temperature, and relative humidity) recorded at a standard weather station located over grass following Allen et al. (1998) guidelines about 1 km north from the vineyard ('grass station'). This station belongs to a network named SIAR installed and managed by the Spanish Ministry of Rural and Marine Environment (http://www.mapa.es/siar/).
It should be noted that these K cexp values are adjusted crop coefficients that take into account the effect of the netting and the black plastic mulching. It was assumed that these two management practices would reduce vineyard ET and the K c compared with a similar vineyard managed without those practices. Thus, these K cexp values would represent the optimum (potential) evapotranspiration of the crop under these management practices.
During mid-July to mid-October 2007, the cumulative stress-degree-day (SDD) (Kirkham 2005) was computed as follows to detect possible water stress in the crop:
where T c is the canopy temperature measured with the infrared thermometer (°C), T a is the air temperature (°C), and N is the number of days used to compute SDD. For each particular day i, T c and T a were the averages of these variables between 13:00 and 15:00 as suggested by Kirkham (2005) . If a crop is well watered and transpiring to an optimal rate, the cumulative SDD should be close to 0 or negative. The table grape vineyard crop coefficients were also estimated following the dual K c approach by Allen et al. (1998) but with adjustments to take into account the presence of the netting and the black plastic mulching. Using this approach, K c is estimated as the sum of two components, basal crop coefficient (K cb ) due to transpiration and evaporation coefficient (K e ) due to soil evaporation. Three K cb values must be computed to get the K cb curve along the crop season: initial, mid-season, and endseason. The initial K cb (K cb_ini ) was assumed to be 0.1 to take into account the effect of the mulching (Allen et al. 1998) . The mid-and end-season K cb (K cb_mid and K cb_end ) were first estimated from tabulated values for an effective ground cover of 75% (Allen and Pereira 2009): 1.05 (K cb_mid ) and 0.80 (K cb_end ), which were higher than those tabulated values by Allen et al. (1998) which correspond to an effective ground cover of 50%. Next, the tabulated K cb_mid and K cb_end were adapted to local climatic conditions using the average wind speed and minimum relative humidity recorded at the nearby 'grass station' during the mid-and end-season stages. Later, the locally adapted K cb_mid and K cb_end were multiplied by two coefficients to take into account the effects of the black plastic mulching (K mu ) and the netting (K ne ). Allen et al. (1998) argued that the black plastic mulching increases transpiration while decreasing soil evaporation leading to a combined effect of reduced evapotranspiration. They recommended to use a broad value of K mu = 0.9 when using the dual crop coefficient approach.
Regarding to the K ne , no much information was available to estimate it. However, as a first approximation, the seasonal averages (April to October 2007 and 2008) of the daily incoming solar radiation, wind speed, and air temperature and relative humidity recorded below the netting at the micrometeorological station were divided by the corresponding seasonal averages of the daily values recorded at the nearby 'grass station'. These ratios were assumed to represent the microclimatic effect due to the netting. Later, the recorded daily values of the above-mentioned meteorological variables were multiplied by those ratios and used to get approximate estimates of ET o 'under the netting' using the FAO Penman-Monteith method (Allen et al. 1998 ). Thus, the ratio of average ET o 'under the netting' to average ET o using the originally recorded meteorological variables at the 'grass station' was used as a first approximation of the evapotranspiration reduction induced by the netting and thus as a rough estimation of K ne .
The coefficient due to soil evaporation K e was estimated according to Allen et al. (1998) . However, it was assumed that the fraction of soil wetted and exposed to the sun was 0 due to the black plastic mulching. No other adjustment was done as the procedure by Allen et al. (1998) computes K e basically as a function of the soil moisture in the upper soil layer (0.1 m) defining two limits, readily (REW) and total evaporable water (TEW), as a function of soil texture, field capacity, and wilting points. These parameters, obtained from soil samples in the upper soil layer, allowed estimating REW and TEW as 4.0 and 12.4 mm, respectively, for this work.
Thus, the daily values of estimated crop coefficient (K cFAO ) were obtained for 2007 and 2008 as the sum of the adjusted K cb and K e values. These estimates were assumed to represent the values that would be computed for a vineyard grown under the netting with black plastic mulch, using the procedure described by Allen et al. (1998) . These estimates provided a gross, general approximation for this crop management situation, and they were compared to the measured K cexp values.
Results and discussion
The crop phenological development was similar for both years of the study (Table 1 ). This type of vineyard with this trellis system typically reaches a high ground cover fraction, about 90% at 100 days after budbreak (DAB) (Fig. 3) . Additional crop growth was observed after that date but was not quantified.
There were slight differences in the meteorological conditions between years (Fig. 4) (Fig. 4) .
Although spring 2008 was cooler than spring 2007, air temperatures were relatively similar in both years for the rest of the season. Accordingly, the highest differences between years for vapor pressure deficit were also noticed during spring, which was higher for 2007. The average wind speeds were similar in both years except for higher wind speeds recorded during April 2008. In general, weather variability was greater in 2007. Lastly, estimates of ET o were lower during the summer and fall in 2008 due to the higher precipitation and lower vapor pressure deficit and wind speed compared with 2007 (Fig. 4) .
The total seasonal irrigation depth was slightly higher in 2007 (778 mm) than in 2008 (750 mm) due to the abovementioned meteorological conditions (Table 2) . Irrigation was applied according to farm's manager criteria. The cumulative SDD for the period mid-July to mid-October (Fig. 5) indicated that the vines used in this study were not stressed for water (Kirkham 2005) . In fact, the cumulative SDD suggests that some overirrigation of the vineyard may have occurred. No SDD data were available for 2008. However, the seasonal irrigation depth was only slightly lower than that of 2007 due to the cooler and more humid meteorological conditions. Therefore, it can be assumed that the crop was not under water stress, and thus, measured crop evapotranspiration could be assumed as optimal under the management conditions of this experiment, the netting and black plastic mulching. Figure 6 shows the half-hourly values of the amplitudes of the temperature ramps computed for a 5-day period for . It can be seen that amplitudes during nighttime periods were negative and relatively close to 0, indicating low sensible heat flux as expected during these periods. During unstable periods (daytime), amplitudes showed a well-defined pattern, continuously increasing until midday as a consequence of warmer canopy surface heating surrounding air, and a later decrease as canopy surface was becoming cooler than air and now sensible heat flux was becoming smaller. These results suggest that the SR method was able to detect the ramp-like temperature traces produced in this vineyard. In this particular case, it should be expected that these ramps were primarily the result of thermal turbulence as the presence of the netting also highly reduced wind speeds and therefore mechanical turbulence. It was not possible to obtain an appropriate a value by comparing H obtained with the SR method against H measured with the eddy covariance method. But the results of Fig. 7 and Table 3 indicate that finding the appropriate a value was not important as the ET c values obtained using Eq. 2 were only slightly affected by the chosen a value to get H. Thus, both sets of ET c values were highly correlated with one another, the MEE was \0.07 mm day -1 , the RMSE was less than 0.270 mm day -1 , the ratio of means, y/x, suggested a very low average difference (less than 1.6%), and the systematic MSE (MSE s ) was\16% for data each year and both years combined (Table 3) . Because of the very slight effect of the a used to get H on the daily ET c values obtained, both sets of ET c values were averaged to get experimental crop coefficients (K cexp ) adjusted for the netting and the black plastic mulching using Eq. 3.
In irrigated systems, H is often small, as most part of the net radiation is converted into latent heat flux (ET). Therefore, the accuracy of the ET values obtained using the energy balance closure will depend largely on the accuracy of the net radiometer used. The monthly averages of the half-hour values of the energy balance components, LE, H (average of values calculated with both a), R n , and G, obtained in this work for 2007 are plotted in Fig. 8 . The results for 2008 were similar. The data from Fig. 8 clearly illustrate the low proportion of H when compared to R n , and the decrease in the ratio of H/R n (for daytime periods) from 0.24 to 0.26 in April-May to about 0.05 in August, and a later increase up to 0.16-0.20 in October. This change of the ratio of H/R n was due to the increase in the ground cover fraction and thus, the decrease in thermal turbulence.
Both the measured ET c and calculated ET o displayed similar trends across the seasons, increasing from spring to mid-summer and decreasing thereafter (Fig. 9) . Average daily ET c and ET o from mid-June to mid-September (90-180 days after budbreak) were 5.3 and 7.2 mm day -1 , respectively, in 2007 and 5.2 and 6.9 mm day -1 , Williams et al. (2003) , and Williams and Ayars (2005a) reported average values of ET c between 5 and 6 mm day -1 for a ground cover of 65%, for the same period as our study (mid-June to mid-September) in California and with an ET o of about 7 mm day -1 . Netzer et al. (2009) obtained maximum values of ET c of 8.6 mm day -1 with a ground cover above 80% and similar climatic conditions to those in this work. Williams and Ayars (2005a) found a linear relationship between shaded area and the crop coefficients, and between the percentage of shaded area and crop water use. Using that relationship, a 90% ground cover found in this study would correspond to a maximum K c of about 1.5 and maximum daily ET c of 9.8 mm, much greater than that reported here. However, the netting over the trellis system reduced incoming solar radiation (by 15%) and wind speed (by 85%) so it could be expected that ET c for these vines would be less than a similar situation without the netting (Rana et al. 2004 ). In addition, the black plastic mulching also reduces evapotranspiration as reported by Allen et al. (1998) (Williams et al. 2003; Williams and Ayars 2005a; Netzer et al. 2009 ).
The experimental crop coefficient (K cexp ) values calculated using the ET cexp data from 2007 to 2008 (70-190 days after budbreak) ranged from 0.7 to 0.9 (Fig. 10) . The daily values used to obtain weekly averages showed some variability as indicated by the standard deviations depicted in Fig. 10 . However, the corresponding coefficients of variation were generally \20%. The weekly K cexp values during June (83-112 days after budbreak) in 2008 were higher than those during the same times frames in 2007. This was probably the result of greater rainfall during these periods in 2008 compared with 2007. It is interesting to note that K cexp increased at the end of the season, particularly for 2008. This increase in K c during end-season was also reported by Netzer et al. (2009) and Williams and Ayars (2005b) . When ET o is low, a small energy supply, for instance from canopy or soil, may enable an increase in K c (Testi et al. 2006) . Snyder and O'Connell (2007) showed that the high and variable K c values in citrus were attributed to a combination of factors related to the rainy/foggy conditions that are typical of the region during fall similar to our conditions. Moreover, the The solid lines represent the linear regression obtained in both cases, the dashed lines represent the straight line y = x Table 3 Error analysis statistics computed for comparison between daily ET c obtained using a = 0.6 and using a = 1.0 for estimating H n Sample size, " x mean of variable x (ET c for a = 1.0), " y mean of variable y (ET c for a = 0.6); MEE mean estimation error, RMSE root mean square error, MES s systematic mean square error canopy resistance is fixed in the ET o equation, but the canopy resistance drops when the crop is wetted. This would lead to increased ET c /ET o . Netzer et al. (2009) argued that the increase in K c observed during late season was due in part to the crop growth after veraison due to the trellis system, which was similar to the one used in this paper.
In order to compute K cFAO values, mid-season as defined by Allen et al. (1998) October) of daily values of solar radiation, wind speed, air temperature, and relative humidity recorded at the meteorological station in the vineyard to the corresponding averages recorded in the 'grass station' were 0.855, 0.153, 1.014, and 1.027, respectively. These ratios indicate the important effect of the netting on solar radiation and wind speed and the small effect on air temperature and relative humidity. These ratios were used to modify the recorded meteorological variables to estimate ET o 'under the netting' using the FAO Penman-Monteith method (Allen et al. 1998) . The ratio of the seasonal average ET o 'under the netting' to that obtained with the originally recorded meteorological variables was 0.65. According to this ratio, a rough reduction of 35% in ET o and thus ET c could be expected in our conditions by the presence of the netting. This ratio of 0.65 was assumed to be a rough approximation of K ne . This reduction was relatively similar to the 38% reduction in sweet pepper ET reported by Möller and Assouline (2007) . Figure 10 also shows the crop coefficients (both total, K cFAO , and basal, K cbFAO ) estimated according to the FAO procedure (Allen et al. 1998 ) but adjusting them to the vineyard management practices studied here, the netting and black plastic mulching. In general terms, both the estimated K cFAO and the experimental K cexp crop coefficients followed similar patterns throughout the growing season (Fig. 10 ). There was a closer agreement during mid-summer when soil evaporation should be smaller due to reduced precipitation and the effect of the black plastic mulching that reduces soil evaporation (in the moistened surface by irrigation) by about 50-80% according to Allen et al. (1998) . The differences observed between K cexp and K cFAO reflected in part the uncertainty of estimation of coefficients K mu and K ne used in this work, estimation that should require further investigation to improve its accuracy. Possible variability of these coefficients due to such factors as color of the plastic mulching or the time of the year needs more study. Figure 10 also shows that K cFAO values increased in early fall. In this case, this increase was completely due to the effect of precipitation that moistened soil surface between crop rows, leading to an increase in K e coefficients. Thus, Allen and Pereira (2009) stated that actual crop coefficient may increase to 1.2 following precipitation even if the estimated basal crop coefficient is small due to surface evaporation from among sparse vegetation. Summarizing, these results indicate that the FAO procedure to estimate table grape vineyard K c using with the values from Allen and Pereira (2009) and adjusting for the effects of special crop management practices was sufficient to obtain reasonable estimates of ET c under the conditions of this study.
Conclusions
The surface renewal method was used to determine values of ET c and crop coefficients of a table grape vineyard trained to a gable trellis system cropped under netting and a black plastic mulching. Values of daily ET c were similar (\2% difference in average) regardless whether a was 0.6 or 1.0 for estimating sensible heat flux.
The seasonal patterns of ET c and ET o were similar across both years. Maximum daily ET o was about 7.5 mm day -1 , while the highest monthly average ET c ranged from 5.7 to 5.9 mm day -1 . Seasonal ET c was 843 mm in 2007 and 787 mm in 2008 for the period from May 1 though October.
The obtained experimental crop coefficient (K cexp ) values included the effect of the netting and the black plastic mulching. These K cexp values were similar in both years, the maximum differences being observed in June and October mainly due to the different precipitation events. The experimental weekly crop coefficients (K cexp ) varied between 0.64 and 1.2. Average K cexp was 0.79 and 0.98 during the mid-season and end-season stage, respectively. In previous studies, with similar ground cover fraction (above 70%), mid-season K c values were higher than those obtained in this work. The values of our K cexp here were lower compared with previously published K c due to the effect of the netting and the plastic mulching which decreased the ET c . The K cexp value for end-season increased relative to the value during midseason. This behavior was similar to that reported by Netzer et al. (2009) and Williams and Ayars (2005b) , and it could be due to a combination of factors, such as fall precipitation, increase in K c due to small energy supply and wet surface when ET o is small, and crop growth after veraison. The relatively good agreement between the K cexp and the estimated K cFAO values suggests that the Allen et al. (1998) provide reasonable estimates of the seasonal crop coefficients of an overhead table grape vineyard using the management practices outlined in this study, the netting over the canopy and the black plastic mulch.
